In the last 20 years, cases of human cryptococcosis, have increased in immunocompromised patients. In several instances, the cases have been associated with the exposure of the patients to bird droppings. In order to investigate birds of prey as potential carriers and spreaders of Cryptococcus neoformans and other yeasts of importance in human infections, 182 swab samples were collected from the cloacae of several species of birds of prey (Group I) and 32 faecal samples from aviaries in which the birds were housed (Group II). Samples were also taken from digestive tract of 60 dead birds (Group III). A total of 454 samples were cultured from which 215 colonies of yeastlike fungi were recovered and identified. Cryptococcus neoformans var. grubii was isolated from three cloacae samples (4.8%) collected from Falco tinnunculus and from one sample (3.1%) obtained from Buteo buteo, as well as from samples collected at the aviaries in which these birds were kept. Overall, 18 samples (9.9%) from Group I, 13 (40.6%) from Group II, 12 crops (20%), three proventriculi (5%) and 12 cloacae (20%) from Group III yielded positive cultures for yeasts. The results indicate that birds of prey and in particular, F. tinnunculus and B. buteo, may act as carriers and spreaders of C. neoformans and other zoonotic yeasts.
Introduction
In the past 20 years, yeasts (mainly Cryptococcus neoformans and Candida spp.) have been reported as among the most important causes of human infections, mainly in immunocompromised and cancer patients [1 Á4] . Only one species of C. neoformans with two varieties and five serotypes was previously recognized [5 Á8] . However, following the proposals of Franzot et al . [5] and Kwon-Chung et al . [9] , this single species was divided into two, (i.e., C. neoformans and Cryptococcu s gattii ) and five different serotypes (i.e., C. neoformans var. neoformans (serotypes D and AD), C. neoformans var. grubii (serotype A) and C. gattii (serotypes B and C)) are generally accepted. Cryptococcu s gattii is geographically restricted to tropical and subtropical areas, but it has also been recently reported in Southern Italy [10] . C. gattii is associated with trees of the genus Eucalyptus [11 Á14] and usually causes infection in immunocompetent individuals [15] . By contrast, C. neoformans var. neoformans and C. neoformans var. grubii are commonly found throughout the world in association with soil and avian excreta [11, 16, 17] and are generally responsible for cryptococcosis in immunocompromised individuals [18] . The presence of C. neoformans has also been reported in droppings of several birds such as psittacides [19, 20] , passeriformes [19, 21] , columbiformes [19] and falconiformes [22] . Reports of human cryptococcosis have increased over the past few years in association with a rise in immunodeficiency syndromes and have been described in several patients exposed to bird droppings [20,23Á29] . The clinical symptoms and prognosis in these individuals vary in relationship to their immunological status [4] .
Birds of prey have a high potential to disseminate zoonotic agents due to the vast distances they cover and because they are increasingly kept in raptor centres for conservation or rehabilitation purposes. No data are available on the role of these birds as carriers of pathogenic yeasts. Furthermore, studies on yeasts isolated directly from the lower digestive tract of birds are scant and, when available, are limited to feral pigeons [30 Á32 ] and migratory birds [33] .
Thus, the aim of the present work was to study the occurrence of C. neoformans and other yeasts in the cloacae of different species of birds of prey and in the habitat where they were sheltered in order to evaluate the role of birds as carriers and spreaders of zoonotic yeasts.
Materials and methods

Sampling procedures
From October 2001 to May 2003, samples were collected from hospitalized birds (Group I), their respective aviaries (Group II) and from dead animals (Group III), all from the Apulia Regional Fauna Observatory, province of Bari, Southern Italy (ARFO).
In Group I 182 birds of prey belonging to different families (Falconidae, Accipitridae, Strigidae and Titonidae) were analyzed. The animals were housed at ARFO because they were retrieved unable to fly. Animals that were in particularly poor condition were admitted to primary care aviaries, treated, then transferred to secondary care aviaries. Samples were collected upon birds' recovery (i.e., before the birds went to the aviaries) from their cloacae using sterile cotton swabs. The number and species of hospitalized birds sampled are reported in Table 1 .
In Group II 32 aviaries (i.e., 12 primary care and 20 secondary care aviaries) were analyzed ( Table 1) . Only one bird was present in each primary care aviary, while many birds belonging to the same species were in each of the secondary care aviaries. The droppings of the hospitalized birds were collected from the aviaries 3 days post-admission. One gram of faeces was suspended in 9 ml sterile saline solution (NaCl 0.9%) containing 1000 mg/ml streptomycin and 500 UI penicillin/ml.
Group III included all the birds that died while housed in ARFO. Dead birds were delivered within 24h to the mycological laboratory of the Faculty of Veterinary Medicine, University of Bari, and submitted to necropsy. Sixty birds of different species were analyzed ( Table 2 ). The birds were examined and their ages were determined as young or adult based on plumage (Table 2 ) [34] . For each sample, the digestive tract was isolated and dissected into four parts (i.e., crop, proventriculus, ventriculus and cloacae) and samples were collected from each using sterile cotton swabs.
Mycological culture and identification procedures
Samples (i.e., swabs from Groups I and III, or 0.1ml of droppings solution from Group II) were cultured onto Sabouraud dextrose agar with chloramphenicol-0.5 gr/l (BioLife † ) (SAB agar) added by biphenyl 0.1%, incubated at 308C for 7 days and observed daily. For each positive sample, colonies were examined microscopically after Gram staining to avoid bacterial contamination. Since no more than 200 non-confluent colonies of yeasts per plate can be clearly identified by visual inspection, the maximum number of colonies counted per plate was 200 colony forming units (CFU). Four colonies were sub-cultured in SAB agar slants for identification at species level. The identification was based on microscopic morphology, urea hydrolysis and sugar assimilation [35] . In particular sugar assimilation was tested by ID32C and Vitek System (bioMérieux † ). The isolates of C. neoformans were also identified by observing dark colonies on Staib medium [36] and by the presence of capsules stained by India Ink. Candida albicans was detected by germ tube production [35] . To determine the varieties and serotypes of C. neoformans strains, the isolates were inoculated onto canavanine glycine-bromothymol blue agar medium (CGB) for 48 h [13] and then serotyped using monoclonal antibodies specific for capsular polysaccharides (Crypto CheckIatron Laboratories, Tokyo, Japan). The differences in mean CFU in samples from different groups of animals were statistically analysed 
Results
The number and percentage of yeast-positive samples, along with population size in Groups I, II and III, are reported in Table 3 . The prevalence of different yeast for each bird species in Group I, and the number of isolates recovered from each are summarized in Table 4 . A total of 56 isolates belonging to seven species of yeasts were identified in Group II (Table 5) . Yeast species isolated from the aviaries were also retrieved from the cloacae of the animals housed in the aviaries with the exception of Cryptococcus albidus and Cryptococcus albidus (Table 4 and 5). The prevalence of different yeast species and the number of isolates from different anatomical sites of birds in Group III are reported in Table 6 . Candida albicans, Candida famata and Candida guilliermondii were retrieved from both crops and cloacae, Rhodotorula rubra from ventriculi and cloacae and Candida parapsilosis from only crops (Table 6 ). In addition, Candida incospicua, Candida pelliculosa, C. famata, Candida parapsilosis and C. guilliermondii were isolated only from the cloacae of hospitalized birds and/or from the digestive tract of dead birds, but not from the environment. Cryptococcus neoformans was isolated from four birds (2.2%) in Group I and from the samples collected at four of the aviaries housing the same birds (Table 4 and 5), but never from any anatomical location (Group III Á Table 6 ). All the isolates of C. neoformans were identified as C. neoformans var. grubii .
Discussion
The results of the present work indicate that birds of prey may act as carriers and spreaders in the environment of C. neoformans and other potentially zoonotic yeasts as demonstrated by the detection of C. neoformans var. grubii from the cloacae of F. tinnunculus and B. buteo, as well as from the aviaries in which these species were kept. The isolation of C. neoformans var. grubii from the aviary in which Milvus migrans was housed, but not from their cloacae, might be due to the fact that these birds had been fed contaminated food, e.g., chicken wings, necks and internal organs, after hospitalization. Milvus migrans droppings may also have been contaminated by C. neoformans from the presence of the yeast in environmental sources such as the soil and air. The fungus can reach a very small size in external habitats and can easily be disseminated by the wind [37] . C. neoformans was never isolated from the digestive tract of necropsied animals. Interestingly the isolation of only C. neoformans var. grubii confirms Birds of prey as carriers and spreaders of zoonotic yeasts 489 previous findings of the same variety in birds from Southern Italy [17, 38] . Overall, the prevalence of yeasts isolated from cloacae (Group I 0/9.9%) was lower than the rates reported in the literature for migratory birds (15.7%) [33] and pigeons (30%) [31, 32] , and it varied among bird species. In this respect the number of isolated yeasts may be influenced by the diet, behaviour and ecology of the examined birds. Nevertheless the statistically higher number of yeasts found in the aviaries, compared to the cloacae or digestive tracts, indicates that excreta are an enriched medium that permit the growth of yeasts. Candida albicans and R. rubra were the most common species isolated from the cloacae of hospitalized birds, the digestive tract of dead birds and from the aviaries, in accord with previous studies of pigeon droppings [39] and the cloacae of migratory birds [33] . The finding of other yeast species (i.e., C. incospicua, C. pelliculosa, C. famata, C. parapsilosis and C. guilliermondii ) only in the cloacae of hospitalized birds and in the digestive tract of dead birds, but not in the environment, might indicate that they belong to the normal flora of the digestive tract of birds of prey. In particular, the distribution of yeasts (Table 6) might be influenced by the physiological characteristics of different digestive tracts (i.e., pH, temperature) [35, 40] . Yeasts isolated in this survey have been gaining greater importance in medical mycology over the past two decades [41, 42] . In particular cryptococcosis and candidosis have been reported with increased frequency, especially in immunocompromised patients (e.g., individuals undergoing solid-organ transplantation, neoplastic diseases, immunosuppressive therapy and AIDS) [1 Á3,43,44] .
The results of this work demonstrate that birds of prey may harbour in their cloacae different species of potentially pathogenic yeasts and may be capable of disseminating these fungi in the environment. In particular, F. tinnunculus and B. buteo harboured the highest number of yeasts (mainly C. neoformans and C. albicans ). Furthermore, presence of the two abovementioned bird species, which rest during their flight in neighbouring towns or in raptor centres, makes these birds a focus of interest as possible carriers and spreaders of pathogenic fungi. These results are particularly interesting also from the sociological point of view, since these sites are frequented by children and the elderly, as well as immunocompromised patients who are considered at high risk for contracting opportunistic diseases. '/C . famata and R. rubra were isolated from cloacae of the same three birds.
*C. parapsilosis and C. famata were isolated from crops of the same three birds.
